The characterization and prediction of the structures of metal silicon clusters is important for nanotechnology research because these clusters can be used as building blocks for nano devices, integrated circuits and solar cells. Several authors [1] [2] [3] have postulated that there is a transition between exo to endo absorption of Cu in Si n clusters and showed that for n larger than 9 it is possible to find endohedral clusters. Unfortunately, no global searchers have confirmed this observation based on plausible structures. Here we use our parallel Genetic Algorithms (GA), [4, 5] as implemented in our MGAC software, [6] [7] [8] directly coupled with DFT energy calculations to show that the global search of Si n Cu cluster structures does not find endohedral clusters for n < 8 and finds them for n = 10
METHODOLOGY
In order to find the most stable Cu@Si n isomers, we employed the MGAC methodology, [6] [7] [8] which employs parallel genetic algorithms (GA). The GA methods are based in the principle of survival of the fittest, considering that each string or genome represents a set of trial solutions candidate that at any generation compete with each other in the population for survival and produce offspring for the next generation by prescribed propagation rules. [4, 5] The clusters are represented by a genome of dimension 3N, where N is the number of atoms in the cluster. Operators analogous to crossover, mutation, and natural selection are employed to perform a search able to explore and learn the multidimensional parameter space and determine which regions of that space provide good solutions to the problem. MGAC uses DFT local energy minimizations, provided by the CPMD [9] code, as merit function. In this study we used the Goedecker et al. [10] pseudopotential, the PBE (Perdew-Burke-Ernzerhof) [11] exchange correlation functional with an energy cutoff (Ecut) of 100 Ry, and a cell length of 4 Å plus the largest dimension of the cluster on each side. The pseudopotential was selected after comparing the rms (root mean square) between experimental and predicted bond lengths, binding energies, and vibrational frequencies, for Si 2 , Cu 2 , and SiCu, employing different density functional methods implemented in the CPMD code and several all electron methods. The results of this comparison are presented in Table I , which shows that the selected combination, PBE/GO, is as good or better than any other DFT approach and better than most of the all electron approaches considered here. The number of generations needed to achieve convergence was between 15 and 100 and the total number of computer processors employed ranges from 49 to 200.
RESULTS AND DISCUSSION
In this paper we report the structures and relative stabilities in the homologous series Cu@Si n (n=6, 8, 10). We analyzed all the different isomers found by MGAC/CPMD methodology and calculated their vibration frequencies to discriminate transition states from structures that correspond to true local minima of the energy. The vibrational spectra corresponding to structures CuSi 6 -b and CuSi 8 -b are depicted in Figure 3 . It is observed that the CuSi 6 -b structure is similar to the structure of CuSi 6 + reported by Gruene et. al. [12] , our predicted vibrational spectra for CuSi 6 -b with the principal vibration mode, of about 450 cm -1 , is close to the corresponding principal vibration mode, about 430 cm -1 predicted for the CuSi 6 cation. [12] Our predicted vibration spectra for CuSi 8 -b is very similar to the experimental spectra reported on reference [12] From Figures 1 and 2 it is apparent that all the low energy structures predicted here have the Cu atom in the periphery of the cluster, because the MGAC/CPMD perform a global search over all possible cluster configurations, this is very strong evidence that endohedral configurations are not energetically favorable for these clusters. 
CuSi 10
In Figure 4 we presents the structures of the twelve lowest energy isomers for CuSi 10 with their corresponding binding energies. The energetic and structural parameters of the clusters in Figures 1, 2 and 4 are given in Table II. To compare our results with those from Ref. [14] the two cage structures, Cu@Si10-h and Cu@Si10-l were reoptimized using the B3LYP exchange correlation functional and the 6-31+G* basis set. Cu@Si 10 -l energy resulted only 0.044 eV lower than Cu@Si 10 -h energy, the same observation mentioned previously by Hossain et. al. [13] However Cu@Si10-l is a transition state and Cu@Si10-h is a stable isomer according to our calculations for B3LYP, while both of them are TS for GO/PBE. To verify that the structure Cu@Si10-h is a new structure that has not been reported in the literature before by King [14] , we tried a local optimization of the structure of Cu@Si10-h enforcing the D4d symmetry, as it was suggested by the topological model proposed in Ref. [14] but the optimization did not reach convergence for the model. This provides strong evidence that Cu@Si10-h is a truly new structure that has not been reported previously. Figure 5 depicts the spin density for Cu@Si 10 -h and Cu@Si 10 -l , in Cu@Si 10 -l the density is mostly localized in the three silicon atoms at the top and bottom of the cage, whereas in Cu@Si 10 -h the delocalization extends to the Cu atom. In agreement with previous reports the MGAC/CPMD method is able to find endohedral structures for CuSi 10 , but in contrast with previous studies these structures are not postulated a priori and locally optimized, but are found automatically by the GA search.
CONCLUSIONS
Using the MGAC/CPMD method with the GO/PBE approach to calculate the energy we have shown that the GA search does not find any endohedral cluster for CuSi n clusters with n < 8, but it is able to find them for n= 10 . This has been previously postulated but the MGAC/CPMD method is able to find these structures without any a priori information on the approximate conformation of the clusters.
